C
AUSALGIA refers to a symptom complex observed after partial nerve injury, and consists primarily of severe burning pain associated with sensory, vasomotor, and trophic phenomena, often exacerbated by emotional factors. 23,27 Effective treatment for this condition has been surgical sympathectomy. 2~'2v This report presents a series of 40 consecutive cases of causalgia secondary to missile or shrapnel wounds. These patients were all treated with phenoxybenzamine, a postsynaptic ~x-blocker and presynaptic c~2-blocking agent.l~
Summary of Cases

Patient Population
During the 7-year period, 1975 to 1981, 40 male patients were admitted to the Central Military Hospital and Berbir Medical Center with the diagnosis of causalgia. The criteria used to diagnose this condition were deep burning pain, exacerbated by physical or emotional stimuli, associated with partial nerve injury to a major peripheral nerve. In most cases the distribution of pain followed the cutaneous distribution of the injured peripheral nerve but frequently spread to involve the whole limb. Evaluation of the extent of motor and sensory involvement was almost always difficult to ascertain exactly, since the severe pain, which was markedly aggravated by mere touch, precluded extensive strength testing and careful sensory evaluation. After pain was controlled, however, partial motor paralysis was observed in 70% of cases. These motor deficits had usually resolved by the time of long-term follow-up examination, although some patients had residual motor paresis.
Vasomotor changes, consisting of severe vasodilatation, sweating, and less often vasoconstriction, were present in nearly all cases. Patients with vasodilatory changes occasionally achieved some relief from wrapping the involved limb with a cold wet cloth. Trophic changes were present in only a few patients seen late after their initial injury, and these changes were not considered necessary for the diagnosis of causalgia.
The patients ranged in age between 17 and 55 years (Table 1 ). All patients received their nerve injuries secondary to high-velocity missile or shrapnel wounds. The greater occipital nerve was affected in two cases, median nerve in 10, sciatic nerve in 12, brachial plexus in seven, cauda equina in five, and associated nerves in four cases (Table 2) .
Phenoxybenzamine Treatment
The onset of causalgia most often began several hours after injury and was progressive in nature (Table 1) .
Phenoxybenzamine treatment was begun usually within 2 weeks after the onset of causalgia (Table 3) . Patients with pain of longer duration were also acceptable candidates for treatment, five of these patients having evidence of trophic changes ( Table 1 ). The starting dose of phenoxybenzamine was 10 mg, orally, every 8 hours (30 mg/day), and the dosage was gradually increased by 10 mg/day every 2 days until there was complete resolution of pain or the occurrence of postural hypotension. Since absorption of phenoxybenzamine from the gastrointestinal tract is incomplete and unpredictable, slight postural hypotension was considered evidence of effective penetration of the drug. Duration of treatment was usually 6 weeks, after which the drug was slowly tapered and then discontinued. Causalgic pain recurred during the tapering schedule in four patients, and the dose was increased to the prior "relief" dose for an additional 2 weeks, after which tapering was again attempted. The follow-up period ranged from 6 months to 6 years ( Table 1) .
Results of Treatment
Before phenoxybenzamine treatment, all patients had only incomplete relief of causalgic pain at best, with the help of various pain medications including narcotics. Total resolution of causalgic pain was achieved in all cases within 18 days of phenoxybenzamine treatment (Table 1) . In some patients, however, relief of the severe burning pain preceded complete relief, leaving a lesser superficial pain. The average total daily dosage necessary for relief was 80 mg, although the maximum dosage required was 120 mg (Table 1) . Most patients were treated for 6 weeks, but some received treatment for as long as 3 months (Table 1) . At follow-up review, all patients continued to have total resolution of their causalgia, despite previous termination of phenoxybenzamine treatment. 
Complications
Minor complications of phenoxybenzamine were observed which required neither interruption nor cessation of drug treatment. The most frequent complication was orthostatic hypotension as manifested by subjective light-headedness, which occurred in 17 cases. This symptom usually resolved spontaneously at the end of the 1st week of treatment. Persistent orthostatic hypotension necessitated wearing either leg stockinettes or an abdominal girdle for the duration of treatment (Table 4 ). Ejaculatory problems characterized by reduction of seminal fluid were observed in three patients. These problems also resolved spontaneously following the conclusion of treatment.
Representative Cases
Case 10
This 35-year-old orthopedic surgeon received bullet wounds to the right arm and right knee in 1975. Surgery was performed immediately, revealing a lacerated right humeral artery which required end-to-end anastomosis. At surgery the peripheral nerves of the arm were noted to be intact. One day following surgery, the patient developed progressive deep burning pain in the fight forearm and hand in the distribution of the median nerve. The pain became excruciating when the affected area was touched even lightly by cloth, and emotional stress also aggravated his symptoms. Narcotics provided only incomplete relief.
Oral phenoxybenzamine was begun 5 days after the initial injury, and total resolution of pain was achieved 7 days after onset of treatment at a daily dose of 90 to 120 mg. On three occasions prior to conclusion of treatment the drug was unavailable, and the patient's pain promptly returned. In each instance, reinstitution of drug treatment abolished the pain within 24 hours. Phenoxybenzamine caused complaints of light-headedness, and this orthostatic hypotension was relieved by application of stockinettes and an abdominal girdle. Treatment was discontinued permanently after a 3-month course, and there has been no recurrence of symptoms. Orthostatic hypotension resolved spontaneously after termination of phenoxybenzamine treatment. Presently, the patient is continuing his practice of orthopedic surgery free of pain and with full use of the right arm and hand.
Case 3
This 36-year-old security officer sustained a bullet injury to the fight supraclavicular area in 1977. Within a few hours after injury, he developed burning and throbbing pain of the fight hand in a distribution indicating involvement of all three peripheral nerves. This pain was markedly increased by any sudden noise or emotional upset, and was incompletely relieved by narcotics. Phenoxybenzamine was begun 10 days after injury and prompt relief was obtained in 48 hours at a daily dose of 60 to 80 mg. Again, interruption of treatment secondary to unavailability of the drug immediately produced recurrence of pain, which promptly resolved within 24 hours after reinstitution of treatment. Treatment was stopped permanently after 4 months and the patient has been pain-free since that time. No complications of treatment were reported by this patient.
Case 32
This 21-year-old soldier sustained a bullet injury to the fight buttock with damage to the right sciatic nerve. A few hours later he developed severe burning pain in the fight foot. An unsuccessful attempt was made to control the pain with wet cloths and narcotics.
Six days after injury, he was begun on progressively increasing doses of phenoxybenzamine. Complete relief of pain was obtained in 12 days at a daily dosage of 90 mg. Duration of treatment was only 6 weeks, since when the patient has been completely pain-free for 5 years.
Discussion
Causalgia-like pain was first reported by Denmark 4 in 1813, and no additional cases were described until 1864. 23 The term "causalgia" was coined in 1867 by Mitchell 22 to describe a symptom complex observed after partial nerve injury characterized by subjective severe burning pain and associated with sensory, vasomotor, and trophic phenomena. Additionally, the pain is aggravated by emotional upset. Its incidence after peripheral nerve injury is estimated at 2% to 8%, 9' 16' 30' 33"40 and the duration of pain without treatment is variable. 27"32 A genetic susceptibility is possible, 35' 41 which is supported by evidence that experimental autotomy can be produced only in specific strains of cats and rats. 37 It has been suggested that causalgia results when nerve injury promotes the production of an ephapse or short circuitry between somatic afferent fibers and adjacent sympathetic efferent nerve fibers. 8 The occurrence of such electrical "cross-talk" is supported by evidence from experimentally produced neuromas of ephapses occurring both acutely 11,12 and chronically 3,28 between adjacent myelinated fibers. Morphological evidence of axonal apposition between adjacent unmyelinated fibers in neuromas has also been demonstrated. 2'3 These unmyelinated fibers are usually S. Y. Ghostine, et al. An alternative theory explaining the etiology of causalgia suggests a primary role of nerve sprouts which arise from the damaged nerve. These sprouts have been shown to be highly excitable to noradrenaline, an effect reversed by the a-blocking agent, phentolamine, and unaffected by B-blocking agentsY 6 The axonal sprouting has been demonstrated to occur early and at high frequency 24 following reversible nerve injury characterized by myelin sheath disruption and axonal swelling. 24 Total axonal disruption was not a prerequisite for sprouting to occur. 5 '24 Demonstration of axonal uptake and transport of intravenous horseradish peroxidase by injured nerve 35 indicates breakdown of the blood-nerve barrier which may favor the penetration of chemical mediators to the axonal sprouts.
It is well established that the sympathetic nervous system is involved in the pathophysiology of causalgia, 34 as demonstrated by the success of chemical 13,14 or surgical sympathectomy 21' 27 in the treatment of this condition. Experimentally, it has been shown that afferent fibers from a neuroma are activated by repetitive stimulation of the paravertebral sympathetic trunk or by intravenous injection of noradrenaline. Such activation is blocked by phentolamine, an a-adrenergic antagonist. 7 Furthermore, autotomy in rats after experimental neuroma production is prevented by prior administration of guanethidine, 37 a ganglionic blocking agent which initially discharges noradrenaline before occupying its storage sites. 1~ Guanethidine injected intravenously to perform regional sympathetic blockade has also been shown to relieve causalgia. 13,14,2~
A more controversial theory regarding the etiology of causalgia involves a possible peripheral alteration of sensory nerves distal to the site of nerve injury. 26 It has been reported that regional perfusion of guanethidine below the level of a tourniquet placed distal to a partial lesion of the brachial plexus can relieve causalgic pain. 14'2~ Hypersensitivity to noradrenaline of the peripheral sensory receptors after nerve injury is possible. 38 Treatment of causalgia has traditionally consisted of surgical sympathectomy. Leriche 18' 19 first performed sympathectomy for this condition in 1914, and it was later popularized by Spurling in 1930. 31 Since then many authors have reported high cure rates 21,29' 39 and suggested early operative intervention in order to prevent the occurrence of trophic and vasomotor changes, although such changes are cured even by late sympathectomy. Morbidity of the procedure is low, 1 but it does entail permanent disruption of sympathetic flow to a given limb.
We elected to treat 40 cases of causalgia with phenoxybenzamine, a postsynaptic a,-blocker and presynaptic a2-blocker. This drug was chosen as a medical alternative to surgical sympathectomy in an effort to further reduce the minimal morbidity associated with a surgical procedure and particularly to avoid the permanence of this surgical therapy. In addition, the drug has been shown to be effective in the treatment of Sudeck's atrophy,17 a condition that may occur usually 1 month after the onset of causalgia and which is characterized by severe trophic changes, skin changes, and osteoporosis. In our series, all cases of causalgia were cured by treatment with phenoxybenzamine, regardless of their time of presentation, location of injury, or presence of trophic changes. The success of phenoxybenzamine treatment again suggests an active role of the postganglionic sympathetic nervous system in the pathogenesis of causalgia, but fails to elucidate the exact mechanism. We realize that the lack of a controlled trial is a criticism of our series, but such a trial was not feasible due to the existing war conditions. Three patients, however, served as their own internal controls: when the drug was unavailable, all three had recurrence of pain which was abolished with reinstitution of phenoxybenzamine. The reason for lack of recurrence of pain after termination of the complete phenoxybenzamine regimen is not presently known. Side effects of the drug were minimal, consisting mainly of mild orthostatic hypotension and transient ejaculatory problems. None of the side effects required interruption of treatment or persisted after termination of treatment.
Conclusions
Forty consecutive cases of causalgia were successfully treated with oral phenoxybenzamine. Maximum daily doses ranged between 40 and 120 rag, and duration of treatment averaged 6 to 8 weeks. All patients achieved permanent cure and only mild transient complications of treatment were observed. Although the exact mechanism of action of phenoxybenzamine in the treatment of causalgia is not known with certainty, we feel that phenoxybenzamine treatment is simple, safe, and effective with less morbidity than surgical sympathectomy. In addition, we recommend that treatment should be instituted directly following diagnosis in order to prevent the development of trophic changes.
